Introduction
Since 1980, the French Cooperative Group on Chronic Lymphocytic Leukemia (CLL) has conducted 3 multicenter prospective randomized clinical trials in previously untreated patients with CLL in which different therapeutic strategies were designed according to the baseline (A, B, C) Binet stage. 1 The 2 first trials showed that a watch and wait policy could be applied to patients with stage A CLL. 2 In the advanced forms of CLL (stages B and C), the optimal first-line treatment remains to be established. A clear-cut survival benefit over the COP (cyclophosphamide, vincristine [Oncovin] plus prednisone) of the ChOP regimen (COP plus doxorubicin, 25 mg/m 2 intravenously [IV] on day 1) was observed in stage C patients from our first trial. 3, 4 Thereafter, its benefit in remission rate over chlorambucil was confirmed. [5] [6] [7] [8] Otherwise, different anthracycline-containing regimens using adriamycin at a higher dose (50 mg/m 2 IV day 1) such as POACH (prednisone, vincristine, Ara-C, cyclophosphamide, doxorubicin) 9 or CAP (cyclophosphamide, doxorubicin plus prednisone) 10 have been reported to be effective in advanced forms of CLL. However, no comparison of these regimens to ChOP has been published.
During the late 1980s, fludarabine (FAMP) emerged as a major drug in CLL and generated tremendous interest. It was first used in patients with progressive and refractory CLL. [11] [12] [13] [14] [15] It was later reported that fludarabine, either alone or combined with corticosteroids, could achieve high response rates with estimates ranging from 56% in previously treated to 80% in previously untreated patients. [16] [17] [18] However, except for a multicenter European randomized clinical trial showing a benefit of fludarabine over CAP in terms of the 6-month response rate and progression-free interval in previously treated and untreated CLL patients, 19 and a multicenter trial comparing FAMP to chlorambucil, 20 no other large randomized trial assessing its efficacy has been conducted.
The current prospective randomized clinical trial was designed in 1990 to compare the effectiveness and tolerance of fludarabine to that of 2 anthracycline-containing regimens in previously untreated patients with stage B and C CLL. We report here the main results of this trial, based on 938 randomized patients with median follow-up of 70 months.
excluded. The Ethics Committee of the Groupe Hospitalier Pitié-Salpêtrière (Paris, France) approved the protocol, and written informed consent was obtained for all patients.
Randomization and treatment schedule
From 73 participating centers, randomization was performed through a centralized telephone assignment procedure stratified by stage. Patients were randomly assigned to receive 6 monthly courses of either (1) ChOP, that is, vincristine IV 1 mg/m 2 and doxorubicin IV 25 mg/m 2 on day 1, plus cyclophosphamide 300 mg/m 2 and prednisone 40 mg/m 2 both given orally from day 1 to day 5; (2) CAP, that is, cyclophosphamide 750 mg/m 2 IV, doxorubicin 50 mg/m 2 IV on day 1 plus prednisone 40 mg/m 2 orally from day 1 to day 5; or (3) FAMP, that is, fludarabine phosphate 25 mg/m 2 IV daily for 5 days. The procedure was not blinded.
Patients receiving FAMP or CAP with stable or progressive disease after 3 cycles were recommended to switch to CAP or FAMP, respectively. Because the ChOP regimen consisted of lower doxorubicin doses, the 6 scheduled courses were carried out before assessing response; those with stable or progressive disease after 6 courses were then switched to FAMP.
End points
The main end point of the protocol was overall survival from randomization. Disease status after 6 courses or the last course before switching regimens defined a secondary end point. It was assessed by treatment response according to the National Cancer Institute (NCI) recommendation, 22 segregating clinical remission, partial remission, and failures (Figure 1) . Failure was defined by disease stabilization or progression during treatment or death either related to disease or to treatment toxicity that occurred within the first 12 months after randomization.
In addition, it was recommended to further assess clinical remission through the study in each center of bone marrow infiltration by bone marrow biopsy and by immunophenotypic study of blood lymphocytes based on double-labeling techniques with CD5 and CD19. For patients reaching both histologic remission (ie, absence of bone marrow lymphoid infiltrates) and immunophenotypic remission (ie, Ͻ 25% of the peripheral blood B lymphocytes coexpressing CD5/CD19), these investigations were completed by clonotypic reverse transcription-polymerase chain reaction. 23 Bone marrow biopsies and immunophenotypic studies were not centrally reviewed. Computed tomograph scans and other imaging procedures, where available, were not taken into account for the staging procedure or the evaluation of response.
Time to progression after remission defined another secondary end point, with progression defined according to the NCI recommendations. 22 Finally, time to second-line therapy after remission was also retained as an end point.
Adverse events observed at each course were recorded similarly using detailed case report forms by 2 independent observers in all centers, with grading of the events according to the World Health Organization (WHO) criteria. 24 
Sample size
Estimation of sample size was based on the method described by George and Desu. 25 It was based on a first-type error of 0.05, a second-type error of 0.10 for a one-sided test, and an assumption of treatment benefit given by a 15% increase in 5-year survival with FAMP from 50% with the other regimens. Given the expected accrual of 100 patients per year, it was computed that 300 patients had to be recruited in each randomized group. Five interim analyses were planned. The first interim analysis, performed at January 1, 1996, as the reference date, showed significantly lower response rates and survival with CAP as compared to ChOP or FAMP, with inconclusive results regarding the comparison between ChOP and FAMP. Based on these results, the accrual in the CAP group was stopped on February 9, 1996.
Statistical analysis
Analysis was made on an intent-to-treat basis, using January 1, 2000, as the reference date (fourth interim analysis). Because randomization was stratified on Binet stage, treatment comparison of end points was stratified using Mantel-Haenszel test or stratified Cox model, which also allowed additionally adjusted survival comparison on prognostic or imbalanced covariates; unadjusted and adjusted relative risks of death (RR) with 95% confidence intervals (95CI) were estimated. P values of .05 or less indicated statistical significance. Statistical analysis was performed using the SAS software system (Statistical Analysis System, Cary, NC).
Results
From June 1, 1990 to April 15, 1998 , 809 patients, 556 stage B and 253 stage C, from 73 hematology departments were enrolled in the trial; 1022 stage A patients were allocated to a watch and wait policy. Of the 1022 stage A patients, 137 evolved to either stage B (n ϭ 100) or stage C (n ϭ 37) before April 15, 1998 , and were randomized into the trial. Five stage B and 3 stage C patients were excluded due to misdiagnosis (2 follicular lymphomas, 1 mantle cell lymphoma, 1 leukemic lymphoma); 3 patients refused treatment; and 1 refused previous treatment. Accordingly, 938 patients were randomized to receive either ChOP (357 patients), CAP (240 patients), or FAMP (341 patients), with 651 stage B patients allocated to either ChOP (n ϭ 240), CAP (n ϭ 175), or FAMP (n ϭ 236) and 287 stage C patients to either ChOP (n ϭ 117), CAP (n ϭ 65), or FAMP (n ϭ 105).
The discontinuation of accrual in the CAP group since February 9, 1996 explains the imbalances in sample sizes. Indeed, accrual in the CAP group was prematurely closed when results of the first interim analysis exhibited significant decreased response rates in the CAP group as compared to the ChOP and FAMP groups. This decision appeared reliable both from statistical and ethical viewpoints. Even though the retained type I error rate was not corrected for 5 interim analyses, the difference in response rates was clinically relevant, so that it appeared unethical to treat further patients with CAP.
Baseline characteristics
The main characteristics of the 938 patients in the 3 treatment groups and according to stage are reported in Table 1 . Randomization constituted comparable groups on average, except 4 imbalances, either in stage B (spleen involvement more frequently observed in the CAP group) or stage C (less frequent spleen involvement in the CAP group; higher blood lymphocytosis and lower incidence of bulky disease, ie, at least one lymph node with diameter Ͼ 4 cm or spleen below the umbilicus, in the ChOP group, as compared to remainder).
Treatment response at 6 months
Of the 938 randomized patients, 24 (2.6%) did not receive the scheduled chemotherapy (Table 2) . Median values (25th-75th percentiles) are given for continuous variables; percentages are reported for categorical variables. *Bulky disease is clinically defined on the basis of at least one lymph node with diameter greater than 4 cm or spleen below the umbilicus or both. Diagnosis is based on needle lymph node aspiration and aspect of large cell lymphoma on histologic examination.
¶Due to treatment inefficacy and thus considered as treatment failures.
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. Given the lack of evaluation of bone marrow response in 140 patients in clinical response, and according to the recently published NCI-working group (WG) guidelines, 22 these cases could not be assessed as complete remissions. Therefore, in the proportion of patients actually fulfilling the NCI criteria of complete remission were 9%, 2%, and 8% of the ChOP, CAP, and FAMP groups, respectively.
Residual CD5/CD19 lymphocytes, studied in 95 patients in clinical response, exhibited normal values in 14 of 29 (48%) in the ChOP group, 3 of 9 (33%) in the CAP group, and 28 of 57 (49%) in the FAMP group (P ϭ .67 by the Mantel-Haenszel test). Seventyone patients were assessable for both methods. Complete clearance of bone marrow lymphoid infiltrates and CD5/CD19 lymphocytes from the blood could be substantiated in only 9 patients. In the remaining cases, results are either dissociated (ie, 29 patients have persistent bone marrow infiltration and a normal blood proportion of CD5/CD19 lymphocytes, 7 have persistent CD5/CD19 excess in blood and a normal bone marrow) or indicate persistent abnormal lymphocytes in blood and in bone marrow (26 cases).
Of the 296 failures, 128 switched within the first 6 courses or at the sixth course (Table 2) , 41 in the ChOP group (all to FAMP), 56 in the CAP group (all to FAMP but 3 to ChOP), and 31 in the FAMP group (all to CAP but 3 to ChOP). Of the 196 failures observed in the CAP (n ϭ 99) and FAMP (n ϭ 97) groups, 87 were observed after 3 courses and accordingly switched, namely, 56 of 99 (56.6%) in the CAP group and 31 of 97 (31.9%) in the FAMP group. Of the 128 switches, subsequent response was available in 121; response was achieved in 55 patients (45%), including 14 (11%) clinical remissions and 41 partial remissions. In patients switched from ChOP (to FAMP), 6 clinical remissions and 11 partial remissions were observed as compared, respectively, to 6 and 20 from CAP (to FAMP), and 2 and 10 from FAMP (to anthracycline-containing regimens).
Survival
The median follow-up was 70 months. Figure 1 displays the estimated overall survival at the reference date, according to randomization group. Of the 938 patients, 391 died, 140 in the ChOP group (median survival, 67 months), 125 in the CAP group (median survival, 70 months), and 126 in the FAMP group (median survival, 69 months), with 5-year survival rates of 57.3% (95CI, 51.0%-63.6%), 59.8% (95CI, 53.4%-66.2%), and 58.4% (95CI, 51.9%-64.9%), respectively (P ϭ .38 by the log-rank test). Causes of death were mostly related to CLL (299 of 372 of known causes), whatever the treatment group, either ChOP (107 of 136), CAP (97 of 118), or FAMP (95 of 118). Comparison of overall survival stratified on baseline stage, that is, incorporating the baseline stage as a potential source of variability, did not differ between the 3 randomized groups (P ϭ .43 by the likelihood ratio test). Paired comparisons exhibited a trend toward a higher risk of death in the CAP versus FAMP group (RR ϭ 1.22; 95CI, 0.95%-1.57%; P ϭ .11), whereas estimates were close for CAP versus ChOP (RR ϭ 1.10; 95CI, 0.86%-1.40%; P ϭ .44) and FAMP versus ChOP (RR ϭ 0.95; 95CI, 0.84%-1.07%; P ϭ .41). Estimated relative risk of death were slightly erased after adjustment on baseline age, WHO scale, lymphocytosis, and hemoglobin level, as follows: CAP versus FAMP (RR ϭ 1.08; 95CI, 0.84%-1.39%; P ϭ .56), CAP versus ChOP (RR ϭ 1.07; 95CI, 0.84%-1.37%; P ϭ .57), and FAMP versus ChOP (RR ϭ 0.99; 95CI, 0.88%-1.12%; P ϭ .93).
Time to progression, second-line treatment
Of the 628 patients who reached remission either partially (n ϭ 353) or clinically (n ϭ 275), 442 disease progressions were subsequently recorded according to the NCI criteria (Table 4 ). There were slight differences according to randomization group: 166 of 247 in the ChOP group (median time, 29.5 months), 117 of 138 in the CAP group (median time, 27.7 months), and 159 of 239 in the FAMP group (median time, 31.7 months; P ϭ .09; Figure 2 ). A total of 391 patients received a second-line treatment after remission, but, interestingly, time to second-line therapy was different between randomized groups: 165 of 247 in the ChOP group (median time, 32.2 months), 108 of 138 in the CAP group (median Response was not available in some patients due to loss to follow-up or nonevaluation of response in some untreated patients.
*Randomized, n ϭ 357; evaluable, n ϭ 351. †Randomized, n ϭ 240; evaluable, n ϭ 237. ‡Randomized, n ϭ 341; evaluable, n ϭ 336. §Stabilization, progression, or early death. Of note, a total of 596 (79%) patients received at least one course of fludarabine over their follow-up, either in the ChOP group (n ϭ 136, 38%), the CAP group (n ϭ 130, 54%), or the FAMP group (n ϭ 336, 99%).
Side effects
Percentages of patients with at least one grade 3 adverse event observed within the first 6 courses of chemotherapy according to the randomization group are reported in Table 5 .
Twenty treatment-related deaths were reported, including 5 in the ChOP group, 8 in the CAP group, and 7 in the FAMP group. Six of these deaths were due to infection secondary to aplasia, 1 in the ChOP group, 1 in the CAP group, and 4 in the FAMP group.
A total of 130 patients had a positive Coombs test over the follow-up, including 38 AIHA-17 in the ChOP group, 11 in the CAP group, and 10 in the FAMP group (P ϭ .41). AIHA was infrequent during the first 6 scheduled courses, occurring in 3 patients with ChOP and 6 with FAMP. However, AIHA occurred during the follow-up in 29 other patients, 14 in the ChOP arm, 11 in the CAP arm, and 4 in the FAMP arm. Interestingly, 20 of 25 
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patients from the CAP and ChOP arms developed AIHA after they received FAMP as a subsequent treatment, because of the switch in case of failure with anthracycline regimens or later after recurrence of the disease.
As expected, no alopecia and a lower rate of nausea were observed in the FAMP group as compared to the ChOP and CAP groups. By contrast, there was an increase in cytopenia rates in the FAMP group as compared to the other regimen groups, either in the hemoglobin level (P ϭ .04) or the platelet counts (P ϭ .003).
Discussion
This prospective controlled trial comparing 3 regimens in previously untreated patients with advanced stage CLL is the largest study conducted so far in the literature.
Considering treatment response, fludarabine and ChOP were clearly superior to CAP. This was observed since the first interim analysis of this trial and caused the cessation of accrual in the CAP arm thereafter. Compared to the ChOP regimen, fludarabine provided a similar remission rate, but a higher clinical-partial remission ratio, whatever the baseline stage of the patients. These findings are close to those of previously published trials evaluating fludarabine or anthracycline-containing regimens in cohorts of previously untreated patients: 56% remission with POACH, 9 66% with CAP, 10, 19 70% with ChOP, 5, 7, 8 70% to 77% with fludarabine in comparative trials, [19] [20] 26 and up to 80% in noncomparative ones. 27 Otherwise, 2Ј-chloro-desoxy-adenosine, another purine analogue, exhibited similar remission rates (25% clinical response and 60% partial response rates) in previously untreated CLL patients. 28 The reasons accounting for the lower clinical and even partial response rates observed with CAP compared to ChOP are not clear as yet. Comparison between the 2 treatments shows that in the CAP schedule, the dose of Adriamycin is twice and cyclophosphamide is given IV on day 1, whereas the CHOP regimen includes vincristine, and a double dose of cyclophosphamide given orally on 5 consecutive days. This last difference could be more appropriate for CLL treatment if we consider the low proliferative activity of the tumor cells in this disease.
In patients with clinical remission, clearances of bone marrow lymphocytic infiltration and of blood CD5 ϩ /CD19 ϩ cells were often dissociated when tested in the same patient. This raises the possibility of categorical types of remission, which confuses the definition of so-called clinical remission. In addition, using a specific clonal probe, 23 residual clonal disease could be substantiated at the molecular level in peripheral blood lymphocytes in every patient displaying both a normal bone marrow histology and a normal blood lymphocyte immunophenotype (data not shown). Similar observations have been reported within a group of CLL patients reaching remission after 2Ј-chloro-desoxy-adenosine courses. 29 The differences in remission rates did not translate into differences in survival. This is not surprising because, whatever the randomization group, a majority of included patients received a second and even subsequent treatment lines over the course of their disease, obscuring the interpretation of the survival curves. Similar conclusions were outlined in 2 other large prospective multicenter studies conducted in CLL. In the trial conducted by a US intergroup, fludarabine and chlorambucil were compared in patients with previously untreated stage I to IV B CLL; the response rates and time to progression were clearly improved with fludarabine, but again, and unexpectedly, overall survival curves were similar. 20 Another recently published prospective randomized trial comparing 2-chloro-deoxyadenosine plus prednisone with chlorambucil plus prednisone in previously untreated patients also fails to demonstrate a difference in overall survival in patients allocated into these 2 regimens. 30 It is of interest to note prolongation of median survival time (79 months for stage B and 58.5 months for stage C CLL patients) as compared with our previous trials. [3] [4] [5] [6] Whether fludarabine could account in this observation is supported by a trend to a lower and delayed proportion of patients requiring a second-line treatment in the FAMP arm as compared to CAP or ChOP.
In the current trial, patients receiving anthracycline-containing regimens experienced a higher frequency and severity of nausea and vomiting, as well as alopecia and complete hair loss. In contrast, myelosuppression appeared to predominate among patients in the FAMP group. Persistent thrombocytopenia or neutropenia related to fludarabine were observed, sometimes far from the last course, in some patients who concomitantly had a normalized peripheral lymphocyte count. This confounded the staging of treatment response in these patients, given they could not be considered as in remission owing to the used cutoff levels of platelet and neutrophil counts in that definition.
Otherwise, opportunistic infections [31] [32] [33] and AIHA [34] [35] have been frequently associated with fludarabine treatment in the case of patients having received previous chemotherapy. By contrast, opportunistic infections were absent and AIHA infrequently recorded during the first 6 treatment courses in our series. This could be related to the fact that FAMP was administered to previously untreated CLL patients.
In summary, fludarabine is not a curative agent for CLL. Nevertheless, when compared to ChOP, fludarabine displays some advantages, including improved tolerance, higher clinical remission rate, and delayed time to retreatment, which can argue for the choice of this drug as a front-line treatment in patients with previously untreated advanced CLL. This should be counterbalanced with the absence of overall survival benefit. §Two patients (one in the ChOP group, one in the FAMP group) discontinued treatment after a single course due to thrombocytopenic purpura.
One patient stopped treatment due to severe pneumonia after one course of CAP.
¶One patient discontinued treatment due to encephalopathy after one course of CAP.
